Background: The physiological and operative severity score for the enumeration of mortality and morbidity (POSSUM) is a scoring system previously validated in vascular and general surgical patients. The Portsmouth physiological and operative severity score for the enumeration of mortality and morbidity (P-POSSUM) is a reliable tool derived from POSSUM to improve the prediction of mortality. In this paper, we utilized both models to determine the most suitable and feasible one that could be utilized in orthopedic surgery in China mainland. Methods: In this retrospective study, patients' files were extracted randomly from the medical records department of the First Hospital Affiliated with Dalian Medical University for those underwent hip replacements between 1999 and 2006. The mortality and morbidity rates were predicted by P-POSSUM and POSSUM, respectively. A comparative analysis was performed between the observed and the predicted values as well as the Observed/Expected ratio (O:E). Results: A total of 206 patients were selected for this study after fulfilling the inclusion and exclusion criteria. The predicted mortality by P-POSSUM were not significantly different from the observed values (X 2 = 2.10, P = 0.552). POSSUM appeared to be better with the observed morbidity (X 2 = 2.766, P = 0.598), but had overestimated mortality. Conclusion: The POSSUM morbidity equation satisfactorily estimated the risk of postoperative complications, and the P-POSSUM mortality equation appeared to stratify the risk of death more accurate than the POSSUM.
Introduction
With the advent of China's aging society, there is an increasing trend of femoral neck fractures. So far, treatments for these types of fractures are either through operative or non-operative procedures (traction, abduction and so on). Early postoperative ambulation in elderly patients with femoral neck fractures prevents patients from developing complications (deep venous thrombosis, urinary tract infection, hypostatic pneumonia and so on) caused by long-term immobilization and improves the quality of life. However, it is very hard to obtain a stable fixation treatment among elderly patients by either abduction or traction. Unstable fractures in non-operative patients such as in osteoporosis or with poor general conditions might take longer time for the healing process and expose patients to a series of complications. In some researches [1] [2] [3] [4] [5] [6] , the rate of mortality within half a year can range from 30% to 50%. However, other studies had illustrated that elderly patients with early hip replacement can have a better prognosis than the non-operative patients, and would be less exposed to long term immobilization [7] .
In China mainland, in addition to the financial factor, the operative risk factors for hip replacement among patients with chronic diseases such as diabetes, hypertension, congestive heart failure (CHF) or arrhythmias would place the surgeon, the patient and patients' caregivers in a dilemma. At present, some surgeons [8] [9] [10] [11] had adopted the non-operative treatment to reduce the peri-operative risks even when patients have indications for arthroplasty (GARDEN III or GARDEN IV (a) in femoral neck fractures). Over the past years, surgeons in China have always found it confusing to assess the postoperative risks (morbidity and mortality) for arthroplasty among elderly patients due to the absence of specific guidelines that is needed to be adopted in their assessment.
Therefore, we have found it necessary to provide better evidence-base guidelines in this field. This is done by comparing the predicted and observed morbidity and mortality in 206 randomly selected patients that received hip arthroplasty after being subjected to total hip or partial hip replacements.
Progression of POSSUM to P-POSSUM: In 1991, Copeland (b) and his colleagues developed the physiological and operative severity score for the enumeration of mortality and morbidity (POSSUM) to provide a possible tool for risk adjustment as well as a comparative auditing system for different surgeons, units, hospitals and regions. The initial researchers examined 62 influencing factors on morbidity and mortality which were later reduced to just 12 physiological and 6 operative parameters (Appendix 1, Tables A1 and A2). Using the recorded parameters, the system was able to determine a physiological score and an operative severity score from which the expected mortality and morbidity rates was calculated and marked as R1 and R2 (where R1 = mortality and R2 = morbidity) by utilizing logistic regression equations. After 6 months of clinical observation, Copeland and his colleagues approved the accuracy of the formula by predicting the mortality and complications after surgery [12] . In 1996, Whiteley et al. [13] enrolled 1485 patients in Portsmouth, UK and used the POSSUM method. They found that POSSUM had overestimated the risk of death especially in low risk patients. They used the same physiological and operative scores, but modified the calculations and suggested a modified formula that fitted better their data. This has become known as the Portsmouth physiological and operative severity score for the enumeration of mortality and morbidity (P-POSSUM).
Methods and Materials
In this retrospective study, 260 patients were hospitalized between 1999 and 2006 for femoral neck fractureseither with GARDEN III or GARDEN IV criteria (a) -at the First Hospital Affiliated with Dalian Medical University. Patients' records were randomly extracted from the orthopedic medical records. Information on age, sex, nature of falling and the locus of the fracture, origin of residence (inside or outside the city), clinical history, pre-operative studies and drug treatments were all collected and recorded. From the 260 patients records that were randomly selected 118 (45.38%) females and 88 (33.85%) males were considered. Around 54 (20.77%) patients were excluded from the study because of incompleteness in their medical data or didn't fit our inclusion criteria. The total patients that undergone total hip replacements reached to 154 (74.76%), and 52 (25.24%) patients had partial hip replacement. A total of 19 (9.22%) were between 55 -60 years old, 77 (37.38%) patients were between 61 -70 years old, and 110 (53.40%) were above 71 years old (Table 1) .
Inclusion Criteria
1) Females' age ≥ 55 years and males' age ≥ 60 years for those with femoral neck fractures (GARDEN III or GARDEN IV) were considered, (the variation in the age selection is because of the osteoporosis factor among women);
2) Patients that underwent either partial or total hip replacement;
3) Patients with chronic medical history such as diabetes, congestive heart failure, multiple arrhythmias but under control; 4) Patients operated on within 72 hours.
Exclusion Criteria

1)
Patients without fully peri-operative data were excluded from the study;
2) Patients with hip fractures related to pathological causes such as bone tumors (primary and secondary tumors), hypoparathyroidism, idiopathic hypoparathyroidism, Paget's diseases, and other genetic malformation of bone, metastatic disease, etc.
This study was approved by the Ethics Committee of First Affiliated Hospital of Dalian Medical University, Department of Orthopedic Surgery.
Our patients were in uniformity in terms of preoperative and postoperative treatment, which is the standard for all patients undergoing hip replacements in our hospital (see Appendix 2). The POSSUM and P-POSSUM scores were calculated 24 h preceding the operations according to the dichotomous scales. The sum scores were calculated manually by one of the researchers, and stored in a Microsoft Access Database. We defined the operative complexity according to the features of the orthopedic surgeries [14] (Appendix 3, Table A3 ). All physiological scores were recorded when performed within 24 hours preceding the operations. Also, data about postoperative complications and deaths within 30 days were gathered. Two of our team members kept in contact with patients directly or through family members (for those who were hospitalized less than 30 days) either through telephone discussions or through the Outpatient Department (OPD) to check out for any complications and mortalities that occurred after the discharge phase. Post-operative complications [15] included: 1) severe hemorrhage; 2) infection from deep wound, urinary tract 
Where PS indicates physiological score; OS indicates operative score. A linear analysis was performed [17] where the predicted mean risk for patients in each risk group was calculated and multiplied by the number of patients within the group to provide patients' predicted mortality. The predicted mortality rates were compared with the observed rates (O:E); thus, determining the accuracy of the prediction. Then we divided the admissions into: 1) fatal group; 2) non-fatal group; 3) patients with complications; and 4) patients without complications, (Tables 3-5). The observed and predicted numbers within each group were calculated and compared using a chisquared statistic. P value <0.05 was regarded to be significant. Statistical analyses were performed using SPSS for Windows version 14.0 professional (SPSS ® Inc., Chicago, Illinois).
Results
Patients with femoral neck fractures were classified according to Garden criteria (a) : The most common type in our study was Garden III femoral neck fracture (n = 89; 43.20%), followed by Garden IV (n = 59; 28.64 %) (Table 1). The mean operative time was 1: 25 hours, (SD: 1.42 ± 0.22). The mean hospital stay was 14.32 days (SD: 14.32 ± 2.45). The preoperative physiological scores were lowered for high-risk patients. As for the predicted mortality, it was lowered dramatically from 9.7% to 1.9% after adjustments ( Table 6) . Furthermore, for the predicted complications, the rate was lowered from around 42% to 30% after adjustment ( Table 6 ). 
Complications
No.
Congestive heart failure (CHF) 3
Heart infarction 1
Atrial fibrillation 3
Angina pectoris 2
Deep vein thrombosis (DVT) 4
Digestive tract (GIT) 4
Internal milieu disorder 9
Urinary retention 3
Other complications 7 Table 3 . "Linear" analysis of deaths predicted by P-POS-SUM predictor equation for mortality.
O:E, observed to expected ratio. A ratio over 1.0 indicates an under-prediction and of below 1.0 is considered over-prediction of death. When values of the observed and expected rates were both zero, the ratio was given as 1.0. O:E, observed to expected ratio. A ratio of over 1.0 indicates an underprediction and below 1.0 is considered over-prediction of death. When values of the observed and expected rates equal to zero, the ratio was given. O: E, observed to expected ratio. A ratio over 1.0 indicates an under-prediction and of below 1.0 is considered over-prediction of death. When values of the observed and expected rates were both zero, the ratio was given as 1.0. POSSUM overestimated postoperative mortality.
A total of 9 serious postoperative complications were recorded from 36 patients. The main complications were Atrial Fibrillation (AF), Deep Venous Thrombosis (DVT), Congestive Heart Failure, internal milieu disorders (water and electrolytes imbalances) and Gastrointestinal Tract (GIT) diseases as shown in as shown in Table 3 ; and 2 deaths had occurred in-hospital stay.
As for the predicted mortality by P-POSSUM they were not significantly different from the observed values (X 2 = 2.10, P = 0.552; the overall O: E ratio is 0.4, Table   3 ). The POSSUM appeared to fit well with the observed morbidity (X 2 = 2.766, P = 0.598; the overall O:E ratio is 0.81, Table 4 ), but had an overestimated mortality, the overall O:E ratio was 0.15 ( Table 5 ).
Discussion
The majority of patients in this study were old aged patients. This group had a higher tendency for sudden falls resulting in rapid hip fractures. This is due to bone fragility due to insufficient intake of protective and preventive medications-osteoporosis disease-against multiple bones fractures. Hence, we evaluated morbidity and mortality among this age group by implementing two scoring systems POSSUM and P-POSSUM in order to calculate the predicted mortality and morbidity. POSSUM and P-POSSUM were developed in the British medical setting and over 200,000 patients have been scored through these systems [18] . Since that time, these two scoring systems have been implemented in general surgery, vascular surgery, surgical gastroenterology, urology, surgical ICU patients, orthopedic surgery, and are used by many health-care organizations [19] [20] [21] [22] . However, there are very limited data about using these two scoring systems in orthopedic surgery. Our study showed that the lowest mortality rate in the predicted mortality group by POS- SUM was 1.73% (12 points in the physiological score, 9 in the operative severity), which was evidently higher than the observed. On the other hand, the lowest mortality in the predicted mortality group showed 0.34% by P-POSSUM. We concluded that P-POSSUM could reflect the observed mortality rate more closely than POS-SUM in hip arthroplasty among elderly patients with femoral neck fractures, but tended to overestimate the mortality rate in low-risk patients 0% -1.9%. Our study showed that, and according to P-POSSUM, the predicted mortality was low, while POSSUM provided overestimation in the predicted mortality, which fitted well with the observed complications compared with similar observations in Ramanathan et al. [23] and Wang et al. [24] ; however, they have advised that it should be used with caution whether as an auditing tool or for preoperative triage. Also, as an auditing tool for femoral neck fractures, Wright et al. [25] study concluded that POSSUM can accurately predict mortality and morbidity in patients with femoral fractures. Also, Gu et al. [26] showed that a perfect agreement was found between the observed number of deaths and the predicted number of deaths calculated by P-POSSUM, while POS-SUM overestimated the overall mortality-similar to our study. As for the study done by Tekkis et al. [27] proposed that there was a goodness of fit between the overall observed morbidity and mortality and the prediction by POSSUM and P-POSSUM, while overestimation occurred among the elective surgery and the young group (opposite to our old aged patients). Hence, it is important to be discreet while introducing these systems for the low-risk surgeries. While Mohamed and Copeland [14] proved a close correlation between the overall observed rates for mortality and morbidity and the predicted values-derived only from the POSSUM logistic regression equation-in the orthopedic surgery and avoided performing any comparisons between POSSUM and P-POS-SUM, which is the opposite to our comparisons.
The differential differences in the observed results between studies may have occurred for several reasons. First, the medical background, such as the medical system, hospital facilities sanitation, peri-operative nursing care, and staff efficiency all are different whether domestically or when compared from one country to another. Second, in some studies the conditions differed such as patient's physiological immunity, ability to tolerate duration of operation, operation method, peri-operative treatment, and so on. Third, the parameters' scores such as estimated blood loss, respiratory and cardiovascular history are prone to errors and might be due to different measurement systems.
In the last couple of years, another method was used where researchers applied Estimation of Physiologic Ability and Surgical Stress (E-PASS) risk-scoring system for predicted and actual morbidity and mortality rates to assess the predictive ability of the E-PASS and compared it with the physiological and operative severity score for the enumeration of mortality and morbidity (POSSUM) systems in patients with hip fractures. They showed that E-PASS scoring system is useful for defining postoperative risk, and its underlying algorithm can accurately predict morbidity and mortality rates in patients with hip fractures before surgery, which can be utilized to manage their condition and potentially improve treatment outcomes [28] .
Recommended Policy Assessment
No regression equation for risk assessment should remain indefinitely static [14] . In the past decade we have found there was no need for any change in the equation, but in the coming future changes should occur where the equation could be easily updated without the need to alter the variables scores. Consequently, both of these systems should be updated in steps to match up with the rapid developments in modern medicine.
Study Limitations
Due to the structuring of this research paper, we were not able to gather all further information about patients' mortality and morbidity once they were discharged. Then, the discriminatory power and predictive value of each scoring system was not evaluated using receiver operator characteristic (ROC) curve analysis, which might have provided more accurate results. Nevertheless, we were able to show that POSSUM overestimation of mortality which had fitted morbidity, and P-POSSUM provided low estimation of mortality.
In conclusion, the POSSUM morbidity equation had satisfactorily estimated the risk of postoperative complications, and the P-POSSUM mortality equation appeared to stratify much accurately the risk of death than POS-SUM. They are good measurable tools to detect the expected morbidity and mortality for patients undergoing hip arthroplasty in China mainland.
Footnotes
1) Garden Criteria
Grade I is an incomplete or valgus impacted fracture. Grade II is a complete fracture without bone displacement.
Grade III is a complete fracture with partial displacement of the fracture fragments.
Grade IV is a complete fracture with a total displacement of the fracture fragments.
Garden R (1961) Low-angle fixation in fractures of the femoral neck. J Bone Joint Surg Br 43:647-661.
2) Copland Derivation of POSSUM and P-POSSUM Formulas POSSUM scoring system was first conceived and successfully implemented by G. P. Copland et al. Driven by the need to develop a simple risk scoring system applicable to diverse general surgical populations, whose main use would be in surgical audit, POSSUM scoring system was developed. First published article of POSSUM had appeared in British Journal of Surgery March 1991; 78: 356-360. Copland et al. conducted a prospective study over a period of six months in 1372 patients undergoing operation in general surgery units. POSSUM scoring system produced an assessment of morbidity and mortality rates which did not significantly differ from observed rates. They concluded that although POSSUM may not be able to replace highly specific scoring systems for individual disease states or the intensive care patient, it does appear to provide an efficient indicator of the risk of morbidity and mortality in the general surgical patient. Authors also stressed the usefulness of POSSUM as an adjunct to surgical audit.
An article by Whitely et al. in 1996 showed how the original POSSUM regression equation failed to work in patients in Portsmouth. The authors found that POSSUM over-predicted death in a cohort of 1485 patients, particularly those at low risk. It was still possible to use the POSSUM physiology and operative severity data set, but a different regression equation was needed. This regression equation became the Portsmouth predictor equation, or P-POSSUM.
A ppendix 2 Peri-Operative Clinical Care
Patients who were enrolled in this study were treated according the hospital guidelines for hip fracture in the elderly. All of them received peri-operative analgesia with parenteral metamizole and paracetamol q6 h and intravenous morphine as needed to achieve a VAS pain score of <4. Skin traction was routinely applied to the injured leg before surgery. All patients were included in a protocol for prevention of pressure sores. Intravenous fluid therapy, started immediately after admission, consisted of 10 -30 ml/kg/day Ringer's lactate solution and transfusion, if haemoglobin was <9 (g/dl). Patients fasted for at least 6 h before surgery. All of them received pre-operative prophylaxis against venous thrombosis involving thromboembolic deterrent stockings and subcutaneous unfractionated heparin. Antibiotic prophylaxis was started before induction of anaesthesia and continued for 72 h. Anaesthesia and surgery were always performed by staff anaesthesiologists and surgeons during office hours. Post-operatively, fluid therapy consisted of 2000 ml of Ringer's-glucose 5% solution per 24 h. Supplementary oxygen was given for at least 6 h after surgery. The patients were allowed to eat after 6 h and nutritional supplementation (oral protein energy supplements) was added in patients who were malnourished at the time of the fracture or if they had poor food intake in the hospital. Mobilization and rehabilitation were started as soon as possible (ideally during the first 72 h) and the discharge plan was discussed with both patients and relatives. 
Appendix 3
